Background: Alcohol use has been consistently found to have a J-shaped association with coronary heart disease, with moderate drinkers exhibiting a decreased risk compared with both heavy drinkers and nondrinkers. However, results of studies of the association between alcohol use and subclinical coronary artery disease are conflicting. Objective: The objective was to determine whether alcohol is associated with the presence, amount, or progression of coronary calcium over a 2-to 4-y period.
INTRODUCTION
Alcohol use has been consistently found to have a J-shaped association with coronary heart disease (CHD), ie, moderate drinkers (ͨ2 drinks/d) have a lower risk than do both heavy drinkers and nondrinkers. This relation has not been studied extensively across race-ethnicities, but the limited evidence to date consistently shows a protective effect (1) (2) (3) . Alcohol intake greater than Ȃ2 drinks/d is associated with higher blood pressure (4) . Alcohol intake is also associated with higher HDLcholesterol concentrations (5, 6) , lower inflammation (6) , lower fibrinogen (5) , and a lower risk of type 2 diabetes (7) . Results of studies of the association between alcohol use and subclinical coronary artery disease (CAD), as measured by computed tomography, are conflicting. One possible mechanism for such an association is the positive association of alcohol with HDL, which in turn has an inverse association with subclinical CAD. However, results to date have shown no association (8 -10), a U-shaped association (11) , and a dose-response relation (12) . The explanation for these conflicting results is unclear. The relation between alcohol and subclinical CAD could provide clues about the mechanisms underlying the relation between alcohol and CHD. Studies have been limited to white or African American participants and have not assessed changes in coronary artery calcium (CAC) in relation to alcohol. In this study we explored the association of alcohol consumption with the prevalence, incidence, and progression of CAC and with CHD events in a large multi-ethnic cohort.
SUBJECTS AND METHODS

Study participants
The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study of the prevalence, risk factors, and progression of subclinical cardiovascular disease in a multi-ethnic community-based cohort. A detailed description of the study design and methods was published previously (13) . Briefly, 6814 participants aged 45-84 y who identified themselves as white, African American, Hispanic, or Chinese were recruited from 6 US communities from 2000 to 2002. All participants were free of clinically apparent cardiovascular disease at study entry (selfreported history of physician-diagnosed heart attack, angina, stroke, transient ischemic attack, or heart failure; current atrial fibrillation; nitroglycerin use; or history of angioplasty, coronary artery bypass graft, valve replacement, pacemaker use, defibrillator implantation, or any surgery of the heart or arteries). The communities were Forsyth County, NC; Northern Manhattan and the Bronx, NY; Baltimore City and Baltimore County, MD; St Paul, MN; Chicago, IL; and Los Angeles County, CA. Each site recruited an approximately equal number of men and women, according to prespecified age and race-ethnicity proportions. All participants gave informed consent, and the institutional review boards of the 6 field centers approved the study protocol.
Alcohol consumption
As part of a personal-history questionnaire, participants were asked, "Have you ever consumed alcoholic beverages?" If yes, they were then asked, "Do you presently drink alcoholic beverages?" The answers to these 2 questions determined our categorization into never, former, and current drinkers. Both current and former drinkers were asked about the number of years of drinking and the usual number of drinks consumed per week (before stopping drinking in the case of former drinkers). Current drinkers were also asked about the number of drinks consumed during the past 24 h, and the largest number of drinks consumed in 1 d in the past month. Binge drinking was defined as consumption of ͧ5 drinks on one occasion in the past month.
In addition to the personal-history questionnaire, participants completed a 120-item food-frequency questionnaire. Participants were asked to consider their usual eating habits over the past year and to record the usual serving size (small, medium, or large) and average consumption of specific beverages and foods. For beverages, 9 options were given: "rare or never," "1-3 per month," "1 per week," "2-4 per week," "5-6 per week," "1 per day," "2-3 per day," "4 -5 per day," and "ͧ6 per day." The percentages of alcohol in wine, beer, and liquor were assumed to be 9.3%, 3.6%, and 14.2%, respectively. Age, sex, and beveragespecific portion sizes were used to convert small, medium, and large servings to grams. These assumptions were used to estimate grams per day for each of beer, wine, and liquor. The foodfrequency questionnaire used in MESA is based on a questionnaire originally designed for the Insulin Resistance and Atherosclerosis Study, which was previously validated in a sample of whites, blacks, and Hispanics (14) .
Measurement of coronary artery calcium
CAC was measured by using either electron-beam computed tomography at 3 field centers or multidetector computed tomography at 3 field centers. Each participant was scanned twice consecutively, and these scans were read independently at a centralized reading center. Measurements were made of all participants at baseline (2000 -2002) and at 1 of 2 follow-up examinations in either 2002-2003 or 2003-2005 . The methodology for acquisition and interpretation of the scans was documented previously (15) . The results from the 2 scans were averaged to provide a more accurate point estimate of the amount of calcium present. The amount of calcium was quantified by using the Agatston scoring method (16) . Calcium scores were adjusted by using a standard calcium phantom that was scanned along with the participant (17) .
Coronary heart disease ascertainment
At intervals of 9 -12 mo, a telephone interviewer contacted each participant to inquire about interim hospital admissions and cardiovascular outpatient diagnoses. Trained personnel abstracted medical records suggesting possible cardiovascular events, and 2 physicians independently classified the events. For purposes of this study, we used all-incident events as the endpoint, including definite or probable myocardial infarction (MI), resuscitated cardiac arrest, fatal CHD, and definite angina. Probable angina was included only if accompanied by revascularization (n ҃ 2). In most cases, definite or probable MI required either abnormal cardiac biomarkers regardless of pain or ecchocardiographic findings, evolving Q waves regardless of pain or biomarker findings, or a combination of chest pain, ST-T evolution or new left bundle branch block, and abnormal biomarker concentrations. Angina required symptoms of typical chest pain or atypical symptoms. Probable angina required, in addition to symptoms, a physician diagnosis of angina and medical treatment for it. Definite angina required one or more additional criteria, including revascularization; ͧ70% obstruction on coronary angiography; or evidence of ischemia by stress tests or resting echocardiography. Fatal CHD required documented MI within the previous 28 d, chest pain within 72 h, or a history of CHD and required the absence of a known noncardiac cause of death.
Measurement of other variables
Information on demographics, smoking, medical conditions, and family history were collected via questionnaire at the initial examination. Current smoking was defined as answering yes to the question, "Have you smoked cigarettes during the last 30 d?" For those answering no, former smoking was defined as answering yes to the question, "Have you smoked at least 100 cigarettes in your lifetime?" Pack years was calculated as the number of packs smoked per day on average, multiplied by years of smoking. Height and weight were also measured at the baseline examination, and blood was drawn for measurements of lipids, inflammation, fasting glucose, and fibrinogen. Resting blood pressure was measured 3 times in the seated position, and the average of the last 2 measurements was used in analysis. Hypertension was defined as a diastolic blood pressure ͧ90 mm Hg, a systolic blood pressure ͧ140 mm Hg, or the use of antihypertensive medications. Diabetes was defined as a fasting glucose concentration 125 mg/dL or use of diabetes medication. Income was categorized into 4 levels on the basis of total gross family income in the past 12 mo.
Statistical analysis
Relative risk regression was used to model prevalent and incident CAC 0 as a function of alcohol consumption. That is, the probability of incident CAC was modeled as a function of covariates by using a generalized linear model with log link, Gaussian error, and robust SE estimates (18) . Of those with some detectable CAC at examination 1, we fit robust regression models for the amount of CAC. The robust regression algorithms in Stata (19) were used, which iteratively down weight observations with large residuals (20) . This modeling strategy was necessary to deal with influential outliers in the CAC measurements. Additionally, of those with CAC 0 at baseline, we defined progression as the absolute difference between follow-up and CAC at examination 1, and this was treated as a continuous endpoint. The modeling strategy for this endpoint was analogous to the models for CAC amount at baseline, and we used robust regression.
Generalized additive models (21) were used to explore nonlinearity in the alcohol associations with CAC, with adjustment for age, sex, race-ethnicity, smoking, income, and education. Smoothed terms for either total alcohol, beer, wine, or hard liquor were included in the model, with 3 df allowed for each. We found the shape of the smoothed functions to be well approximated by a linear model, with the possible exception of beer consumption. However, for comparison with prior studies and to allow the easy inclusion of former drinkers in the models, we focused mainly on the following categorized variables: never drinker, former drinker, 1 drink/d, 1-2 drinks/d, and 2 drinks/d. For the food-frequency questionnaire alcohol variables, we assumed that a standard drink contains 10 g alcohol and was categorized accordingly.
We considered sex, race, smoking, income, and education as potential confounders, and all comparisons adjusted for these factors (model 1). Additionally, a second model was fit for each endpoint, which additionally included potential mediators of the association between alcohol and CAC (model 2), including HDL cholesterol, hypertension, diabetes, body mass index, interleukin-6, and fibrinogen. Models for incident CAC or CAC change also controlled for the time between scans. Additional adjustment for type of scanner did not affect the findings and was not included in the final models. P values were considered statistically significant at the P 0.01 level to account for the fact that many statistical comparisons were performed. Finally, because women were very rarely heavy drinkers, simply including a term for sex in the models may not have provided adequate adjustment for sex differences. To explore this issue we repeated the analyses stratified by sex.
To evaluate whether alcohol use was associated with incident coronary heart disease (CHD), we used Cox proportional hazards models, adjusting for all the variables in model 2 described above. A second model also included CAC, expressed as log(CAC ѿ 1). The distribution of CAC has a very long tail, and the logarithmic transformation helped to moderate this. The constant of 1 was added to allow the zero CAC participants to be included.
RESULTS
Alcohol consumption by race-ethnicity
The total sample size for this study was 6791, after exclusion of 23 participants because of missing data on alcohol consumption at baseline. Of these, 3766 (55.5%) were current drinkers, 1635 (24.1%) were former drinkers, and 1390 (20.5%) were never drinkers. Light drinking (0 but 1 drink/d) was reported by 2947 (43.4%) participants, moderate drinking (1-2 drinks/d) by 599 (8.8%) participants, and heavy drinking (2 drinks/d) by Figure 1 .
Possible confounders and mediators of the alcohol-CAC association
The distribution of potential confounders and mediators across categories of alcohol consumption is shown in Table 2 . Relative to nondrinkers, alcohol consumers were more often high school graduates, had higher incomes, had somewhat lower body mass indexes, and had considerably higher HDL concentrations. Family history of MI, LDL-cholesterol concentrations, and use of lipid-lowering medications did not differ by alcohol consumption. Among drinkers, increasing alcohol consumption was associated with more hypertension, although never and former drinkers had a greater prevalence of hypertension than did those drinking modestly. Rates of diabetes and glucose concentrations were much lower for alcohol consumers, even at 2 drinks/d. Generally speaking, inflammation levels were lower among alcohol consumers, although no consistent pattern with increasing amounts of alcohol consumed was observed in this group.
We noted some interesting effect modification by raceethnicity, although the small number of heavy drinkers in each minority precludes a full assessment of these findings. Specifically, in contrast with whites, consumption of 2 drinks/d was associated with much higher average prevalences of glucose and diabetes in Hispanics and Chinese. The lower inflammation levels noted among alcohol consumers were observed exclusively among white participants. Inflammation tended to increase with alcohol consumption in Hispanics and to be stable in Chinese and blacks. The inverse association between alcohol consumption and fibrinogen was much stronger among whites than among the other race-ethnicities.
Alcohol consumption and the prevalence and extent of CAC at baseline
Of the overall cohort, alcohol consumption was not associated with the prevalence of any CAC 0 at baseline. This was true regardless of alcohol type, and there was no evidence of a J-shaped association ( Table 3) . After adjustment for all mediators and confounders, there was a trend for binge drinking to be associated with a slightly increased rate of prevalent CAC (12% higher rate; 95% CI: 3%, 22%; P ҃ 0.01). A significant interaction between beer consumption and race (P ҃ 0.0015) indicated that, among Hispanics, the consumption of 20 g beer/d increased the prevalence of CAC by 40% (stratified relative risk:
Drinkers by Race/Ethnicity and Gender FIGURE 1 . Distribution of average daily consumption and beverage type among current drinkers by race-ethnicity and sex. Total average daily consumption within each sex and race-ethnicity is represented by the full bar, with each section denoting the proportion due to wine, beer, and liquor, respectively, from the bottom up. 1 Values were adjusted for average age, sex, race, and smoking status based on the whole MESA cohort. MI, myocardial infarction; BP, blood pressure; IL-6, interleukin-6; CRP, C-reactive protein.
2 Alcohol consumption was determined on the basis of applying cutoffs for the food-frequency-questionnaire data. 3 Means Ȁ SEMs (all such values).
1.40; 95% CI: 1.09, 1.80; P ҃ 0.008). Of 19 Hispanics reporting consumption of 20 g beer/d, only 3 were free of CAC. Models for the amount of CAC at baseline (among those with CAC 0) showed a significantly higher average amount of CAC among participants consuming 2 drinks/d of hard liquor. There were no other significant associations, and there was no evidence of a J-shaped relation. On average, those consuming 2 drinks/d of liquor had 57 units more CAC than did never drinkers. This was not explained or even attenuated by any of the potential mediators. Stratifying the analysis by sex (data not shown) did not affect the conclusions.
Alcohol consumption and the incidence and progression of CAC over time
Patterns of associations with incidence and progression of CAC were identical to what was observed for baseline CAC (Table 4) . That is, alcohol consumption in general was not associated with the risk of incident CAC 0. This was true regardless of sex and for all beverage types. We observed the same race interaction, whereby Hispanics consuming 20 g beer/d were at an increased risk of incident CAC; however, only 3 participants in this subset were at risk (1 developed new CAC).
Consumption of 2 drinks/d of hard liquor was associated with faster rates of CAC change (30 units more annually) among those with existing CAC at baseline. This was not explained by risk factors or any of the potential mediators we considered. Other types of alcohol did not have a significant association with CAC progression overall; however, there was some evidence of racial effect modification. Specifically, heavy wine consumption was associated with more progression within Hispanics, and both heavy beer and overall consumption were associated with more progression within Chinese. However, there were only 3 heavy beer consumers (free of baseline CAC) among the Chinese and 6 heavy wine drinkers among the Hispanics, so these race-specific findings are exploratory only. There was no evidence of any J-shaped association either overall or within racial-ethnic subsets. Stratified analysis indicated that the relations were the same for men and women. The smoothed association of grams of alcohol per day and the average yearly change in CAC, adjusted for age, sex, race-ethnicity, smoking, income, and education are shown in Figure 2 . For wine, the association is nearly flat, and for beer, liquor, and total alcohol consumption there is an increasing trend. Only beer showed significant nonlinearity in the association and was closest to exhibiting a J-shaped association with a slight decrease in CAC progression at lower levels (2 drinks/d) of consumption, followed by a steep increase at higher consumption. However, beer consumption associations had the widest CIs, and the slight protective association at low levels was not significant.
Alcohol and incident coronary heart disease
Hazards ratios for incident CHD events for each category of usual alcohol consumption are shown in Figure 3 . Never drinkers were used as the reference category. Models are shown with and without adjustment for CAC. A total of 189 incident CHD events are included, based on an average of 4 y of follow-up, including 86 cases of MIs, 9 of resuscitated cardiac arrests, 19 of CHD deaths, and 102 of angina (numbers add up to slightly 189 because of participants experiencing more than one type of event). Alcohol consumption did exhibit the expected J-shaped relation with incident CHD events in our population, regardless of beverage type. Adjustment for CAC had almost no effect on the association of alcohol and events.
DISCUSSION
Like previous studies, we found that moderate alcohol consumption has an apparent protective association with CHD; however, we found no evidence of such a protective association of alcohol consumption and CAC. In fact, there was evidence that heavy alcohol consumption, hard liquor in particular, was associated with greater CAC accumulation. This association did not appear to be mediated by hypertension, body size, diabetes, inflammation, or cholesterol.
Comparison with previous studies
Our findings are generally consistent with those of 3 previous studies of the association of overall alcohol consumption and CAC prevalence. Yang et al (10) found no association between the amount of CAC and alcohol use among asymptomatic participants at high risk of CHD. These participants were primarily white, and, among our white participants, we found no association between overall alcohol consumption and CAC at baseline. They did not separate out different beverage types, so we cannot assess whether the association of hard liquor consumption and increased CAC amount was present in their population. Tofferi et al (8) found no association among a cohort of 731 US army personnel aged 39 -45 y, who were healthy, had a low prevalence of CAC (18% in nondrinkers), and were primarily white (72%). They found no association between hard liquor and the amount of CAC, although they had only 9 daily consumers of hard liquor with CAC 0. Ellison et al (9) also reported no association of alcohol intake and either CAC or aortic calcium in a study of white and black participants with an average age of 55 y.
Beverage-specific analyses also showed no relation, although the highest category of consumption was ͧ1 drink/d. This would have combined our moderate and heavy drinking categories and FIGURE 3. Usual alcohol consumption and risk of coronary heart disease (CHD) with and without adjustment for coronary artery calcium (CAC). Points indicate the hazards ratios relative to never drinkers for each category of selfreported usual daily consumption, and the lines indicate the corresponding 95% CIs. The square data points are adjusted for age, sex, race, smoking, education, income, BMI, systolic and diastolic blood pressure, use of antihypertensive medications, diabetes, HDL cholesterol, C-reactive protein, and fibrinogen. The circular data points are adjusted for those factors and for CAC. diluted the effect we observed for hard liquor. Additionally, their endpoint was a CAC 100. These analytic differences could explain the different findings for hard liquor consumption.
In contrast, Vliegenthart et al (11) found a J-shaped relation among 1795 white participants in the Rotterdam Coronary Calcification Study. The Rotterdam population had much higher rates of alcohol consumption than did MESA and many more participants with extensive CAC (26% with CAC 400 compared with 13.5% in white MESA participants). It is unclear whether this could explain the different finding. They included former drinkers in the reference category of nondrinkers, which is different from our analysis. However, when we repeated our analysis pooling former and never drinkers, we still found no significant association between alcohol and extensive CAC prevalence, even after restricting to the white subset of our cohort and examining wine separately (where they found the strongest protective association).
Pletcher et al (12) found a dose-response relation between alcohol consumption and the odds of CAC 0 among white and black participants aged 33-45 y. That is, the higher the alcohol consumption, the higher the prevalence of CAC. We found no such association in either whites or blacks in our study. Additionally, they found that binge drinking was strongly associated with CAC prevalence in both races. In our study, recent binge drinking was modestly associated with CAC prevalence overall, but not within whites or blacks specifically. The association was mainly evident for Chinese participants, although there were only 11 binge drinkers within that subset in our study, which limited our ability to investigate this fully. The age distribution of the participants in their study does not overlap with the MESA participants; hence, the different findings may suggest that alcohol has a different association with the onset of coronary calcification very early in life.
Alcohol consumption did exhibit the expected J-shaped relation with incident CHD events in our population, regardless of beverage type. Adjustment for CAC did not modify this association to any noticeable degree, suggesting that slower CAC accumulation is not the mechanism for the cardiovascular benefits of alcohol consumption. This is consistent with Yang et al (10) who found that the protective association of alcohol consumption was independent of CAC.
Study limitations and strengths
Although we found no evidence of a sex interaction, there were relatively few heavy drinkers that were women, which limited our ability to explore alcohol associations among this subset. Alcohol consumption was based on questionnaire responses, and participants may have underreported heavy consumption. This would most likely have attenuated the associations. For total alcohol consumption, we had 2 measures of consumption: 1 from asking the participant to categorize their usual consumption and 1 derived from the food-frequency questionnaire. Results obtained in terms of the relation with CAC were similar, which was reassuring. Also, we found the expected positive association between alcohol and HDL cholesterol and the expected J-shaped association with CHD events. Although we attempted to adjust for many factors, unmeasured confounders may still have accounted for some of the observed associations. Our number of heavy drinkers was small, especially for Chinese participants, which limited our ability to make inferences regarding ethnic differences. The time period between CAC scans was relatively short; however, despite this, we observed a considerable incidence and progression of CAC over the observation period. The strengths of MESA include its large sample size, prospective design, inclusion of 4 racial-ethnic groups, and communitybased nature.
Conclusions
We found no evidence of any protective or J-shaped association of alcohol with CAC prevalence, incidence, or amount. Consumption of 20 g hard liquor/d was consistently associated with higher CAC accumulation, both in terms of the amount at baseline and progression over time. Our results suggest that the cardiovascular benefits that may be derived from light-tomoderate alcohol consumption are not mediated through reduced CAC accumulation.
